Transcription
HIWI has two transcript variants. Variant 1 (NCBI Ref Seq: NM_004764.4) was cloned from a human testis cDNA library (Qiao et al., 2002; Sharma et al., 2001) . It is 3591 nt in length and comprises 21 verified exons, of which 20 are coding exons with a total length of 2586 nt. The 5'-and 3'-UTRs are 271 and 734 nt long, respectively. Variant 2 has an alternative 3'-UTR, resulting in shorter protein with truncated C-terminus compared with variant 1. Variant 2 was detected by transcriptome analyses of the "full-length long JAPAN" (FLJ) collection (Ota et al., 2004) .
Description
The HIWI gene encodes an 861-amino-acid protein (98 kDa). The HIWI protein contains two characteristic protein motifs: a PAZ domain (aa 278-413) and a PIWI domain (aa 556-847). In Argonaute family proteins, the PAZ domain serves as a docking site for the 3'-end of small RNA, whereas the PIWI domain has a structure similar to RNaseH, which cleaves the RNA strand of an RNA-DNA hybrid (Elkayam et al., 2012; Parker and Barford, 2006) . Indeed, all three species of the Drosophila PIWI protein family show small RNA-guided RNA cleavage (slicer) activity (Gunawardane et al., 2007; Nishida et al., 2007; Saito et al., 2006) . In mouse, MIWI (mouse orthologs of HIWI) and MILI also have the slicer activity, which is essential for transposon silencing and fertility (De Fazio et al., 2011; Reuter et al., 2011) . In addition, the HIWI protein contains glycine-arginine-rich repeats mainly in its Nterminus (aa 3-15:GRARARARGRARG; aa18-20:GRG; aa728-730:GRG), and these are the motifs for symmetrical dimethylarginine (sDMA) modifications catalyzed by PRMT5 methyltransferase (Kirino et al., 2009) . sDMA positions of MIWI were determined by mass spectrometry (Chen et al., 2009; Vagin et al., 2009) . PIWI sDMAs serve as binding elements for TUDOR-domain containing proteins, and the sDMAdependent protein interactions play crucial roles in piRNA function and germline development (Chen et al., 2011; Siomi et al., 2010) .
Expression
Expression of the PIWI protein family is restricted to germline cells (Farazi et al., 2008) .
Function
PIWI protein family was named after the Drosophila protein PIWI (P-element induced wimpy testis) (Carmell et al., 2002; Farazi et al, 2008) . The Drosophila PIWI was first identified in a genetic screen for mutants that affect stem cell division in the germline, and subsequent studies demonstrated that Drosophila PIWI is essential for gametogenesis and is a key regulator of female germline stem cells (Cox et al., 1998; Cox et al., 2000; Lin and Spradling, 1997) . PIWI protein mutations in various organisms, including mice and zebrafish, commonly cause defects in gametogenesis, indicating evolutionarily conserved essential roles for PIWI proteins in germline development (Carmell et al., 2007; Deng and Lin, 2002; Houwing et al., 2008; Houwing et al., 2007; Kuramochi-Miyagawa et al., 2004) . Since 2006, the small RNAs bound to PIWI proteins have been identified and termed PIWI-interacting RNAs (piRNAs) (Siomi et al., 2011) . piRNAs are 24-31 nt in length and are a highly complex mix of sequences derived from defined genomic regions called piRNA clusters. Many piRNAs are derived from transposable elements, and PIWI/piRNA complexes play a crucial role in silencing transposons during germline development (Siomi et al., 2011) .
Implicated in

Various cancers
Note Although the expression of PIWI family proteins is normally restricted to germline cells, HIWI has been reported to be aberrantly expressed in a variety of cancers (Suzuki et al., 2012) .
Seminoma
Note
The first report on PIWI expression in cancer was in seminomas (Qiao et al., 2002) . HIWI was detected in seminomas but not in nonseminomas, spermatocytic seminomas, or testicular tumors originating from somatic cells such as Sertoli cells and Leydig cells (Qiao et al., 2002) .
Gastric cancer
Note HIWI was expressed in gastric cancer cell lines and tissues, and its expression was correlated with precancerous development and cell proliferation (Liu et al., 2006) . HIWI expression was also positively correlated with T stage, lymph node metastasis, and clinical TNM, and patients with higher HIWI expression had shorter survival times .
Sarcoma
Note An increased expression of HIWI mRNA was correlated with prognosis of patients with soft-tissue sarcomas (Taubert et al., 2007) . HIWI expression promoted sarcomagenesis in cells, developed sarcoma in mice, and correlated with DNA methylation in sarcoma cells (Siddiqi et al., 2012) .
Pancreatic cancer
Note
Patients with altered levels of HIWI mRNA had increased risk of tumor-related death (Grochola et al., 2008) .
Esophageal cancer
Note
The cytoplasmic expression of HIWI significantly correlated with histological grade and poorer clinical outcome (He et al., 2009) .
Cervical cancer
Note Elevated HIWI expression was associated with cervical cancer invasion and human papillomavirus infection, but not with patient age or histological grade (Liu et al., 2010a) .
Endometrial cancer
Note HIWI was expressed in endometrial adenocarcinoma but did not correlate with pathological features (Liu et al., 2010b ).
Glioma
Note
The expression level of HIWI was positively correlated with tumor grade, and patients with high HIWI expression had poorer clinical outcomes (Sun et al., 2011) .
Colon cancer
Note
In colorectal cancer, HIWI expression in early stage and in adjacent non-cancerous tissues negatively correlated with survival rates and times of the patients (Zeng et al., 2011) . Among colon cancer patients without lymph node metastasis, those with HIWI-positive tumors had a significantly lower survival rate than those with HIWInegative tumors .
Liver cancer
Note HIWI expression in hepatocellular carcinoma tissues was significantly higher than in adjacent normal hepatic tissue and was correlated with metastasis (Jiang et al., 2011) . HIWI expression positively correlated with tumor size and metastasis and negatively correlated with survival rates in hepatocellular carcinoma cells and tissues .
Lung cancer
Note HIWI knockdown decreased cell proliferation and promoted apoptosis of lung cancer stem cells (Liang et al., 2013; Liang et al., 2012) .
